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Vacuolating megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a disorder characterised by acquired macro-
cephaly, developmental motor delay of varying degrees, slowly progressive cerebellar and pyramidal signs, and initially preserved
intellectual function. More than 60% of the published cases had epileptic seizures.
In this study, we analysed the seizures and EEG findings of nine patients with MLC. Six patients (66.6%) with moderate to
severe neurological impairment had epilepsy, four with partial and two with generalised seizures. The EEG of five epileptic
patients revealed epileptogenic foci over the temporal, frontal and parietal regions with variable predominance during waking and
sleep. The facilitation of spike-and-wave paroxysms by eye closure, by intermittent photic stimulation and by hyperventilation
were determined in four patients. Four patients also showed abnormalities in the background activity. In conclusion, we think
that epilepsy is a significant component of MLC compared to the other leukodystrophies. The elucidation of the underlying
molecular defect may explain the unusual pathogenetic relation between this leukoencephalopathy and the associated seizures.
© 2003 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Vacuolating megalencephalic leukoencephalopathy
with subcortical cysts (MLC, OMIM 604004) was
described by Van der Knaap et al. in 1995 and re-
cently mapped to chromosome 22q tel1, 2. This dis-
order can be caused by mutations in MLC1 gene,
but locus heterogeneity has been suggested also3, 4.
The main clinical features are acquired macrocephaly
during the first year of life, developmental delay of
varying degrees, slowly progressive cerebellar and
pyramidal signs and initially preserved intellectual
function. Cranial magnetic resonance imaging (MRI)
shows distinct abnormalities of the white matter with
diffuse high signal and swollen appearance on the
T2-weighted images, and subcortical cysts localised
mostly antero-temporally that are particularly evident
on proton density and fluid-attenuated inversion re-
covery images (FLAIR)5–10. More than half of the
published cases had epileptic seizures. The frequency
of epilepsy seems to be a peculiar feature of this
leukoencephalopathy compared with others. In this
study, we analysed the seizures and electroencephalo-
graphic (EEG) findings of nine patients with MLC
and reviewed the published literature.
METHODS
Six of the nine patients were epileptic, ages vary-
ing between 5 and 12 years. All cases had typical
MRI abnormalities with diffusely hyperintense white
matter on T2-weighted images and subcortical cysts
[Fig. 1(a)–(c)]. All had megalencephaly. Each patient
had one or more EEG while awake and/or asleep. Hy-
perventilation (HV), intermittent photic stimulation
(IPS), eye opening and closure were routine activa-
tions, except in three very young patients who could
not hyperventilate. Two electroencephalographers
analysed a total of 17 EEG recordings independently.
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Fig. 1: (a) Axial T2-weighted image of Patient 1 showing diffuse white matter involvement with swelling; (b) axial T1-weighted
and (c) sagittal T1-weighted images showing cysts on frontal and temporal regions.
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The following parameters were analysed for each
EEG recording: regularity of the background activity;
responses to HV, IPS and eye closure; presence of
focal epileptogenic activities, their tendency to gen-
eralise; presence and symmetry of the sleep spindles
and K-complexes. Seizures were classified according
to the Commission on Classification and Terminology
of the International League against Epilepsy 198111.
RESULTS
All patients were younger than 12 years and six (two
female, four male) had epilepsy (Table 1). Two chil-
dren had only generalised seizures whereas the oth-
ers had partial seizures with secondary generalisation
(Table 1). Ages at the onset of seizures ranged be-
tween 2.5 and 4 years. The seizures were precipitated
by minor trauma in four. The frequency of the seizures
ranged from 1 to 10 per year. Relatively severe neu-
rological involvement and developmental delay were
present in three patients, two had seizures resistant to
medical treatment.
One epileptic patient who had partial epilepsy had
a normal EEG and two patients had normal EEGs be-
fore the onset of seizures. The epileptogenic foci had
temporal, frontal and parietal predominance with mi-
gratory changes in waking and sleep. The other find-
ings were facilitation of spike-and-wave paroxysms
by eye closure (in three), by IPS (in three) and by HV
(in two) (Fig. 2). Generalisation of those discharges
was seen in four patients during NREM sleep. The
sleep spindles were unusually scarce in two and ab-
sent in one patient, all of whom also had epilepti-
form discharges. Asymmetry of the spindles was ev-
ident in a single patient. The K-complexes were un-
usually scarce in one patient. There were abnormal
beta and theta rhythms in the background activity of
four patients. Three young patients without epilepsy
had nearly normal development and neurological sta-
tus. Their EEGs were also normal.
ILLUSTRATIVE CASE REPORT
Patient 2
A 12-year-old boy was born to a first degree con-
sanguineous Turkish couple after an uneventful preg-
nancy and delivery. Macrocephaly was the presenting
symptom. Head circumference was 51.5 cm at 9
months and 60 cm at 12 years of age (clearly above the
97th percentile). He walked at 14 months and talked
in simple sentences at 24 months. He had six tonic–
clonic seizures precipitated by minor head trauma
starting at the age of 4 years. He received valproate
therapy. He attended primary school, however, his
performance declined in reading and arithmetic. The
neurological examination at 7 years of age revealed
mild mental retardation, dysarthria, bilateral dysme-
tria, dysdiadochokinesia, hyperactive deep-tendon
reflexes and colour blindness. At 9 years of age, he
developed prominent ataxia preventing walking with-
out assistance, and had bilaterally positive Babinski
signs, with no remarkable change on follow up.
The first EEG at 2.5 years of age was normal. The
second EEG at 7 years of age, showed normal back-
ground activity. There were bilateral spike-and-wave
discharges predominant on the right occipito-parietal
and temporal regions becoming generalised during
HV and by eye closure. During sleep, the epilepti-
form discharges shifted to the left frontal and right
temporal regions with occasional generalisation. No
sleep spindles were present in NREM sleep. The third
EEG at 9 years of age showed similar findings, includ-
ing generalised discharges during IPS. The last EEG
at the age of 11 showed bilateral beta activity with
fronto-central predominance, in addition to the previ-
ous findings [Fig. 3(a) and (b)]. In the last two sleep
recordings, very rare sleep spindles and K-complexes
were present.
An MRI at 7 years of age showed diffuse involve-
ment of the white matter with flattened gyri. Multi-
ple cysts were present in the subcortical white matter,
most prominently in the left frontal and right temporal
lobes.
The sister of this patient (Patient 1), 5.5 years old,
also had MLC and epilepsy. At age 3 years, she had
partial and secondarily generalising seizures precipi-
tated by minor head trauma, followed by brief peri-
ods of regression in language and motor performance.
Interestingly, her EEG recordings showed no activa-
tion with HV, IPS and eye closure in contrast to her
brother. However, bifrontal abnormal beta activity and
shifting epileptiform discharges in sleep were findings
in common with her brother.
DISCUSSION AND CONCLUSIONS
Epileptic seizures may occur as an early manifestation
in most of the grey matter diseases and are considered
rare in white matter diseases12. Up to now, the precise
pathogenesis of the epileptic seizures in the leukodys-
trophies has not been fully understood, and the EEG
features have not been well described13.
In metachromatic leukodystrophy, epileptogenic
discharges occur rarely14, but may be detected easily
in the late stages13 along with recurrent seizures15.
In the middle stages of globoid cell leukodystrophy,
epileptic seizures and hypsarrhythmia-like patterns
may be present13, 16, 17. In Zellweger Syndrome and
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Table 1: Patient and EEG characteristics.
Number Sex Age Seizure onset Seizure Neurological Age on Background Activation by Epileptogenic Secondary Sleep K-complex
(year) (year) type impairment EEG activity focus generalisation spindles
HV IPS EC
1 F 5.5 3 PM → SGTC Moderate 9 months Normal
3 years Beta (right frontal) – – – – – + +
4.5 years Beta (bifrontal) – – – Left F/C/T + Left ↓ +
5.5 years Beta (bifrontal) – – – Left F/T + Left ↓ +
Right T in sleep ↑
2 M 12 4 GTC Moderate 2.5 years Normal
7 years Normal + – + Right O/P/T + –
Left P/T/F
9 years Normal + + + Right O/P/T + Scarce Scarce
Left P/T/F
11 years Beta (fronto-central) + + + Right O/P/T + Scarce Scarce
Left P/T/F
Right ↓ left ↑ in sleep
3 M 5 2.5 PM → SGTC Moderate 9 months Normal
2 years Normal
4.5 years Normal
4 M 6.5 3 PM → SGTC Severe 6.5 years Beta (bitemporal) NA – – Left T/P – – +
Right T in sleep ↑
5 M 10 2.5 PM → SGTC Severe 7 years Normal NA + + Left T/P + + +
Right T in sleep ↑
6 F 12 4 GTC Severe 9 years Beta (bifrontal) + + + Right T + Scarce +
Left T/F
7 F 2 NA NA Mild 16 months Normal
8 F 2 NA NA Mild 18 months Normal
9 M 2 NA NA Mild 7.5 months Normal
Abbreviations: F, frontal; C, central; T, temporal; P, parietal; O, occipital; NA, not applicable; PM, partial motor seizure; GTC, generalised tonic–clonic seizure; SGTC, secondarily generalised
tonic–clonic seizure; ↓, decreased; ↑, increased; HV, hyperventilation; EC, eye closure, IPS, intermittent photic stimulation.
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Fig. 2: Awake and asleep EEG of Patient 6 showing bilateral fronto-temporal beta activity and predominant right temporal foci and activation of spike-and-wave paroxysms with eye
closure, HV and IPS.
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Fig. 3: (a) The awake EEG of Patient 2 showing right occipito-parietal focal abnormality, a left frontal focus is more visible in sleep; (b) spike-and-wave paroxysms during IPS at 12 and 21 Hz.
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Fig. 3: (Continued ).
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Table 2: Seizure types of the published cases.
Year of First author (reference #) Number of Patients with Age of seizure EEG Reported seizure
publication patients seizures onset (year) abnormality types
1990 Harbord [22] 2 2 2.5 + GTC, atonic
1995 Van der Knaap [2] 8 6 1.5–12 4/6+ GTC
1996 Goutieres [20] 5 3 3–6 + PM, GTC
1996 Singhal [5] 30 22 NS 10/22+ GTC
1997 Mejaski-Bosnjak [25, 26] 2 1 3 + PM, GTC
1998 Topçu [7] 12 4 NS + GTC, myoclonic
1998 Koeda [27] 1 1 7 + GTC
1999 Thelle [28] 2 1 6 + PM → SGTC
1999 Yakinci [9] 1 1 2 GTC
1999 Takanashi [6] 1 1 5 + GTC
2000 Biancheri [29] 1 0
2000 Higuchi [23] 1 1 14 + CPS
2001 Ben-Zeev [24] 12 6 NS 5/6+ GTC
2001 De Stefano [21] 2 2 1.5–7 + CPS, GTC
2001 Yalçinkaya (current) 9 6 2.5–4 5/6+ PM → SGTC, GTC
Abbreviations: GTC, generalised tonic–clonic seizure; SGTC, secondarily generalised tonic–clonic seizure; CPS, complex partial seizure;
PM, partial motor; NS, not specified.
neonatal adrenoleukodystrophy, refractory infantile
spasms and tonic seizures starting from the on-
set have been reported18. In adrenoleukodystrophy,
seizures and paroxysmal discharges develop occa-
sionally a few years after the onset of the symptoms13.
High-voltage polymorphic delta activity, especially
over the temporo-occipital areas may be observed in
adrenoleukodystrophy17. Whereas seizures are rare in
the classical form of Pelizaeus–Merzbacher disease,
intractable epilepsy is reported in the connatal form of
this condition13. In Canavan and Alexander diseases,
the EEG is often unremarkable, despite the presence
of seizures and severe neurological involvement17, 19.
To our knowledge, 80 patients with MLC have been
reported in the literature and 51 (63.7%) of them had
seizures (Table 2). The high incidence of epilepsy
seems to be a particular feature of this recently
described leukoencephalopathy20. The seizures are
mostly generalised tonic–clonic, and sometimes par-
tial with secondary generalisation. Myoclonic, atonic
and complex partial seizures have been reported in a
few patients7, 21–23. In our series, partial seizures with
secondary generalisation were more common than
generalised tonic–clonic seizures (four and two pa-
tients, respectively). Interestingly, minor head trauma
was a precipitating factor for seizures in our patients.
Trauma has been recognised as a trigger in 10–40%
of the previously reported cases5, 24. The recurrence
of seizures in MLC patients is not common. The lit-
erature reveals that the onset of convulsions varies
between 1.5 and 14 years. However, in these cases the
seizure frequency and the rate of disease progression
have not been consistently reported. In some cases,
patients responded quite well to antiepileptic drugs
(AEDs). Although our cases generally responded to
AEDs, two of the nine cases had refractory seizures
with marked motor regression. It was noted that most
epileptic cases had various EEG anomalies, however,
as in one of our cases, EEG anomalies were not noted
in two of Van der Knaap’s cases, two of Singhal’s
and one of Ben Zeev’s5, 8, 24. The motor development
and neurological condition were better in our patients
without epilepsy and with normal EEGs. The EEG
abnormalities were spike or polyspike foci in the
parietal, temporal and frontal areas with migratory
changes in waking and sleep. Generalisation of the
spike-and-wave paroxysms was seen during sleep,
upon eye closure, during HV and IPS along with the
increasing age of the patients. In some MLC patients,
we observed activation of epileptogenic discharges
by IPS after 7 years of age although their seizures
began earlier. Two of our three patients with photo-
sensitivity had refractory seizures with marked motor
regression. Topçu et al.1 observed good clinical out-
comes in their patients with photosensitivity. Some
of our patients had other background abnormalities,
including focal or diffuse beta and theta activities.
In conclusion, it was noted that epilepsy was a fre-
quent finding in children with MLC and usually emer-
ged in early childhood age. While investigating these
patients in childhood, epilepsy must be anticipated.
ACKNOWLEDGEMENT
The authors are grateful to Dr E. Boltshauser, Zurich
(CH), for his valuable critique and suggestions.
REFERENCES
1. Topçu, M., Gartioux, C., Ribierre, F. et al. Vacuolating
megalencephalic leukoencephalopathy with subcortical cysts,
mapped to chromosome 22q tel. American Journal of Human
Genetics 2000; 66: 733–739.
396 C. Yalçinkaya et al.
2. Van der Knaap, M. S., Barth, P. G., Stroink, H. et al. Leukoen-
cephalopathy with swelling and a discrepantly mild clinical
course in eight children. Annals of Neurology 1995; 37: 324–
334.
3. Leegwater, P. A. J., Yuan, B. Q., van der Steen, J. et al.
Mutations of MLC1 (KIAA0027) encoding a putative mem-
brane protein, cause megalencephalic leukoencephalopathy
with subcortical cysts. American Journal of Human Genetics
2001; 68: 831–838.
4. McKusick, V. OMIM (Online Mendelian Inheritance in Man)
catalogus: http://www3.ncbi.nlm.nih.gov/Omim/.
5. Singhal, B. S., Gursahani, R. D., Udani, V. P. and Biniwale,
A. A. Megalencephalic leukodystrophy in an Asian Indian
ethnic group. Pediatric Neurology 1996; 14: 291–296.
6. Takanashi, J., Sugita, K. and Kohno, Y. Vacuolating leukoen-
cephalopathy with subcortical cysts with late onset athetotic
movements. Journal of Neuroscience 1999; 165: 90–93.
7. Topçu, M., Saatçi, I., Topçuoglu, M. A., Kose, G. and Kunak,
B. Megalencephaly and leukodystrophy with mild clinical
course: a report on 12 new cases. Brain & Development 1998;
20: 142–153.
8. Van der Knaap, M. S., Valk, J., Barth, P. G. et al. Leukoen-
cephalopathy with swelling in children and adolescents. Mag-
netic resonance patterns and differential diagnosis. Neurora-
diology 1995; 37: 679–686.
9. Yakinci, C., Soylu, H., Kutlu, N. O. and S¸ener, R. N. Leukoen-
cephalopathy with a mild clinical course: a case report. Com-
puterized Medical Imaging and Graphics 1999; 23: 169–172.
10. Yalçinkaya, C., Çomu, S., Koçer, N. et al. Siblings with cystic
leukoencephalopathy and megalencephaly. Journal of Child
Neurology 2000; 15: 690–693.
11. Commission on Classification and Terminology of the Inter-
national League Against Epilepsy. Proposal for revised clin-
ical and electroencephalographic classification of epileptic
seizures. Epilepsia 1981; 22: 489–501.
12. Markend, O. N. Electroencephalography in diffuse en-
cephalopathies. Journal of Clinical Neurophysiology 1984; 1:
357–407.
13. Wang, P. J., Hwu, W. L. and Shen, Y. Z. Epileptic seizures
and electroencephalographic evolution in genetic leukodystro-
phies. Journal of Clinical Neurophysiology 2001; 18: 25–32.
14. Bloms, S. and Hagberg, E. EEG findings in late infantile
metachromatic and globoid cell leukodystrophy. Electroen-
cephalography and Clinical Neurophysiology 1967; 22: 253–
259.
15. Balslev, T., Cortez, M. A., Blaser, S. I. and Haslam, R.
H. A. Recurrent seizures in metachromatic leukodystrophy.
Pediatric Neurology 1997; 17: 150–154.
16. Kliemann, F. A. D., Harden, A. L. and Pampiglione, G.
Some EEG observations in patients with Krabbe’s disease.
Developmental Medicine and Child Neurology 1969; 1: 475–
484.
17. Sheila, J. W. Electroencephalography. In: Epilepsy in
Children. Cambridge, Chapman & Hall Medical, 1996:
pp. 451–471.
18. Takahashi, Y., Suzuki, Y., Kumazaki, K. et al. Epilepsy in
peroxisomal diseases. Epilepsia 1997; 38: 182–188.
19. Lyon, G., Adams, R.D. and Kolodny, E. H. Alexander disease
(leukodystrophy with Rosenthal fiber formation). In: Neurol-
ogy of Hereditary Metabolic Diseases of Children, 2nd edn.
New York, McGraw-Hill, 1996: pp. 74–76.
20. Goutieres, F., Boulloche, J., Bourgeois, M. and Aicardi,
J. Leukoencephalopathy, megalencephaly, and mild clinical
course. A recently individualized familial leukodystrophy. Re-
port on five new cases. Journal of Child Neurology 1996; 11:
439–444.
21. De Stefano, N., Balestri, P., Dotti, M. T. et al. Severe
metabolic abnormalities in the white matter of patients with
vacuolating megalencephalic leukoencephalopathy with sub-
cortical cysts. A proton MR spectroscopic imaging study.
Journal of Neurology 2001; 248: 403–409.
22. Harbord, M. G., Harden, A., Harding, B., Brett, E. M. and
Baraitser, M. Megalencephaly with dysmyelination, spasticity,
ataxia, seizures and distinctive neurophysiological findings in
two siblings. Neuropediatrics 1990; 21: 164–168.
23. Higuchi, Y., Hattori, H., Tsuji, M., Asato, R. and Nakahata,
T. Partial seizures in leukoencephalopathy with swelling and
a discrepantly mild clinical course. Brain & Development
2000; 22: 387–389.
24. Ben-Zeev, B., Gross, V., Kushnir, T. et al. Vacuolating mega-
lencephalic leukoencephalopathy in 12 Israeli patients. Jour-
nal of Child Neurology 2001; 16: 93–99.
25. Mejaski-Bosnjak, V., Besenski, N., Brockmann, K. et al. Cys-
tic leukoencephalopathy in a megalencephalic child: clinical
and magnetic resonance imaging/magnetic resonance spec-
troscopy findings. Pediatric Neurology 1997; 16: 347–350.
26. Mejaski-Bosnjak, V. and Besenski, N. Megalencephalic
leukoencephalopathy: a further case of a new neurodegenera-
tive white matter disease. Developmental Medicine and Child
Neurology 1997; 39: 561–563.
27. Koeda, T. and Takeshita, K. Slowly progressive cystic
leukoencephalopathy with megalencephaly in a Japanese boy.
Brain & Development 1998; 20: 245–249.
28. Thelle, T., Balslev, T. and Christensen, T. Van der Knaap’s
vacuolating leukoencephalopathy: two additional cases. Eu-
ropean Journal of Paediatric Neurology 1999; 3: 83–86.
29. Biancheri, R., Pisaturo, C., Perrone, M. V. et al. Presence
of delayed myelination and macrocephaly in the sister of a
patient with vacuolating leukoencephalopathy with subcortical
cysts. Neuropediatrics 2000; 31: 321–324.
